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(57)Abstract: 

PROBLEM TO BE SOLVED: To find the magnification, 
rotation angle and the amount of parallel movement of a part 
corresponding to a reference image promptly and with high 
accuracy while reducing the memory capacity when the 
reference image is collated with an inputted image in a part 
of which an image formed by rotating and/or magnifying and 
reducing the image corresponding to the reference image is 
included. 

SOLUTION: An R table is prepared by finding a vector from 
each edge point of an edge image which is prepared from a 
template image to a specified reference point, is stored in an 
R table storage part 15 by a generalization Hough 
transformation processing part 14, each edge point of the 
edge image which is detected from the inputted image is 
made to correspond to the R table, is successively voted on 
a parameter space P with lowered resolution and a position 
on the parameter space a voted value of which becomes 
large is detected. After that, plural candidate areas 
corresponding to the reference image are detected from the 
inputted image by a candidate area calculating part 12. And, each candidate area is successively 
collated with the template image by using a Hough-Fourier transformation system by an image 
collating part 1 6, the magnification, the rotation angle and the amount of translation of the 
candidate area with the largest degree of collation are outputted by a moving amount specifying 
part 1 7. 
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m&v&m&vntm zwm r ? - ^x i&^m 
ffitutcs*7Jt-zmm±fc^isx-xi*m&<Dmm 

[0 0 0 1 ] 

zz<D-mc&i*AJjm&£zm&Lx s a^ih«o# 

[0 00 2 ] 

[0 00 3] Ctl6*#ffl-rSfe«>«C, -mil"? (Ho 

ugh) aJftii> j 5^ft^E<ffli^nri^^ CCD— 

30 &&z>tcib^ m^mmme 2-7768 9-sf&«r 

ccj:o, ^ymg&km<DTKmit&mr>xi,>2>. 
[0004] o^oft^e>, ^k^^SEftr 
Ji, A#iiHi^#Mij^<D^ 
^6 HISS, ¥tf^SW, tt*«W\***«> 

tzcoft&&ffi&m\,>x—f8Lit»ym&&"~ k^x 
40 [0005]^^ co— tstit^y^S^ttf o^tc 

/c»CC«, iB«1fY^:«:2 5 6iii*x2 5 6HBR<bLA: 
<b^. /^^-^BM3 0 0^^h (256x25 
6x360x15) <3D^^';S*&SB3R3nS. 
[0 00 6 ] CCDcfc^JC, H»^b^7fflft«:fflCirii<fe 

50 it^HH*^r*fc«>. C<D^*yS«R0ffflaBBS 
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[0 0 0 7 ] m?L&, »9 - 2 4 5 1 6 
[0 00 8] 

xte&jzm'b etch cox^^m^mmmx % & a 

[0009] #jhh«#— ^ pmo-r^ LSfrfr 
rao* A*Bi«^-^ntL^»r*5ti^tc« % a^j 

S/NttOMWI-pt, &A^ HKfta^ff»«r 
[0010] £fc % ii0«^6Oia3R<Dlffl5l#X«B«ff 

[001 1 ] c<D£ 5 6C, #JgnBft£ . ttMKBflttcjtf 
[00 12] *ct, *«WrB, ±SBHM*»»U 

[00 13] 

(IJ^CC^CD-r 5 n& * EM6& X Bfi£ Aftl'h L /c®^ £ 
^(7)-g(5cc^t?A^ia«i^ft3^€r, iifiBA^«f§*<D 
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#jHa«ift*ti-etifis*ur, «8^ft©**)^*tt« 
iiiiKftsa f w#ttji^aj^-r'Sc<b 

i?IBA*ia«co#^iffi«tc^jST^g|J^cDj£A*, l!& 

tB#M®f£<Z>&x * ?>»f5E©»2ijS^<D^ * h ;U 
fclBtt-T & R ir - ^JUBl»#a i > ftiBA^ilHftOx ? 
^*llWe#JHHHIWDx » Ufc«^©aB»^ott 

[0015]^, »3RW3CcBK3n^:|fe?|«, mite 

(9 - e - pwm&i&^gi&s ms&e - 

1 0 - a 0 - q BJIB0 

30 - q ym&g&ettf&gt L tc 0 - q ¥W U-^^rBISft 

[0016] *fc fc »«W4K:iB«3tife»D!tt, #RS 

40 rg^>\(7)^/7 h;P^x ^^roJCTi^iR^L/'cR^-^ 
0 , iflBA^ili^Ox ^ ^*Suf 2#«saHfe© 
x ^ UA:»^©Si|l^otia%B(rSBR f-- ^;nc 

[0017] 
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[ O O 1 9 ] m 1 ic^TJ: COmKJR^KB i o 
(b) Kinf <fc 5 ft#JB«KiH« (KT 
r^>:/U-HHtej 4#5, ) R ( X . y) 4. 

LfcB&^CD— 95CcW-rSH6 (a) tc^T^ftA 
<«T TA^HHftJ 4#*>. ) I (x. y) 

[0020] ftftfttcW:, CtDffifWB^jg^f 5 MS 
A2JiH«I (x, y)OW^7*>^U-M«R 
<x, y) CC»l£^5»»0«li««F (x. y ) £«I 

m-r flutes 4 % c (DW&mtc j: ^ u fc««i?§«(« 

F (x, y) <b^>^U-m«R (x, y) 4 

[002 1 ]C©i«iim t">^U- hM£R 
(x, y ) *»6x^^tftfflLfcxy^B|«r (x, y) 
<£>&x ? ^^6Wffi<DS*.^^©-^^ h Jlo&R&T R 

[00 2 2 ] -ecDf^, A*H«I (x, y)Hx.^ 

- t/;H*j(E>x ;> t/*(7)S?i^CD{ftg^yS^ ^ - P 

[002 3]/c/cL, '*^-*^P 

!/§*#A*<ft9* *>o k B^A35cltffB$ra^Sr^ft: 
tf\ C<DMMB£ftKl OTIi, ^vJ-zmm*:^ 

«MccuT««©«»««*«iwr4eci 4«>&c 4 t 
irt^. ftk\ *<s-c*>^y 

f»«*iX«L3fctt®r flavor c^tottrttttti. 
[0024] cftcc*fLr. ±BEJta^«yi-c«. buMii 

«Cj:oT»fflL'fcS««««F (x, y) £?>7'l>- 

bmmn (x, y) t^ti^ne- p^y^mjy 

[0025] #CC, C0BH*JK£$a 1 0 OMtftttfll 

[002 6111 CC^TJ: C<DM£JS-£SH 1 0 
®«A*g|5 1U, tifflHMIHSff 124, x?J? 



(4) 4# M 2 0 0 0 - 3 0 0 6 2 

6 

^Eta» i5i, nifcM^s 16 4. immmnu 1 7 

[0027] ft*?. CCD— JMfc'^KittBMin 4*s* 
IBtSSS 1 5 #s#S6B8«:«to4R f -^;UEtt^RCc»i£ 

leu hhnh£*i eac;«tt*i*tspi 7jw*«h<c 

[0 02 8 ] IMRA^Wl 1«, *€>3&>D«>*«C^r- 
10 >^U-hil#R (x, y) iA«I (x, y) £ 

[0029] mmmmnmmi 2«. xr«i 3 
Rv-tstit^ym&mwm 1 4 ^^ta^@h^ i 

(x. y)©^f>^l/-hI«R(x, y) fc*t 

ssrsa»©««««F (x. y) *j|ge-rsteffi»"c 
[0030] M(mia* s cvmmmmsM 1 2 r 

20 tt. H«A;bSn 1*>6t*>^U- hli«R (x, y) 

-C-r>y'ls- hmmR (x. y) j&>£x*i>iIHfeRe 
(x, y) %ffffc?Z>o ^br, C©x.>^IB»Re 

( x , y ) ©§x jxjif* t>m5£<omm& 

[0 03 1 ] *tc, igftA;fr« 1 1 3&>6A*iii«**^ 

A^JlS^I (x. y ) &t>*vi>m& I e (x, y) £ 

[0032]fir ( COx-r^iiCDSxr^Cfc 
c^r, R^-y^r^Ox^^4^i;^<D^<^ h 

^«±4 ft «tltt(D«tlt«««r«kfU-f 
[0033]^, COflHMIJWRewi 2 
-^2IHP±r©«aiffl[6D«^fikBfr64fcA:*. IS^ft 

m <x t y> <Dmmt£*<o9m*±*btcmmz, 

40 ^P^rf&^S?tgtcb/cfc^r*>^ 0 

[0 0 3 4]^^, ^^^-^HP«:iS^)Bfifi* 
aii^Xi^c^Ku, v, s, 0)4 
SftiCi^SSSi, A^y-^riP ffiCDE Aft 
^^»;4JljAftitSLB#r B 14®T^/c^, CCW7^ 

1 6#tT ^^7-7-yxM^iDt, ffiA*s v 0 
Kft^v ¥tf^«jS (u, v) *«g«C4ALfc. 
[ 0 0 3 5 ] x * ^tfiSB 1 3 «BfflMfcCC»Lr ^/ 

50 ^>r>^ ^^^-cDJE^CD^-^xIft^X^yfrt^ 
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[0 03 6] ftftwccra, $»Wt?tt, «fh§¥5 - 1 5 
1 3 5 2#&*8CCBB^3nS^P^PX^{cS-^< 
t^m^Srffl^T, R (x, y) tCJtJS-TSRe 
< x , y ) I (x, y ) tc*H£T-6 I e (x, y) fitf 
F (x, y)(CMt^Fe (x, y)£ffr*rr& 0 ft: 
/cl, F e (x, y)ttle (x, y ) ^6H2^> h 

[o o 3 7 ] -«{fc^7S!ftjraan x^tftm 

Sl3^Ml/cx-^ItRe (x, y)<D#x^ 
<x, y) CD&x^«£&C*>l>T, -e<DX i^&ftipl 

[00 3 8]iftW«CH 02 (a) ^CTn-Tcfc^iC, x 
y^IBfRRe (x, y) <D&X9t;j£ (x. y) 
( x c , y c ) -s(D^ Z> Y)\>r = (r, a) 
*fi3Rg> % 3£#>fc^ h^r^x ^^ffi)*critc$ <b 
#>TgI2 (b) CC^T^^^Rt-^^^^^^o 

[00 3 9 ] BflMS£flSl 6». «M««IF£ff 1 2# 

i»gbfcA*iB<n <x. y) t<D&\mmm (x, 

y) ty*>y'l> — MHRR (x, y) -7—"; 

ft, w»i»2acfJH^«*ffl*-r&A!Hi»r*»3, 0 

-q¥®ffr&g016a, A^ftj8I8l6b, 

x^^iffigij i6c, M&mm&m&m 1 6 d % ^» 

[00 4 0 ] 6> - q ¥®ff 1 6 a «. x ? ^ffigU 

i3, ^vmkmmi^h, y-vxmmm&ie 

fcHMfc^fexsr^riftWfc, 0-p^ffi:f-£, 0 - p 

[0041] MtfrKftu^ x ? v^ajgs 1 3 #x v 

-r-^^r^-yx^ifiS^l 6 c^ffi^r^-'Jx^ 

0 -q^Fffi-f-f «rf¥aE-rs. 
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AtiztitcmM&T-^-yis-vmim (x, y> r 

ft&i«-&CC«. 8R (x, y) 5C*f|6T^#JH0-q¥ 
(x. y) r«S«^(C«. KF (x, y) ICttfoiTZ 
[0043] «*tf. JjjStitcWMfiRlx, y) V 

fozm&tax. ^rawcx^^i3wt# 

J«x.y^rfiiHMfeRe (x, y) *mJEU #CC, CO 
10 Re (x, y) *^7SHJUBH«n 6 btCj:9"7X& 

$e>tc, COhO(0, p) ?:7-'Jx^Ha5l6 
c»t7-'Jxm, #M0 - pffif-^Ho 
(0 t p) *ff06U £*5>fC. C<OHO(0. p)£# 

0-qffif-^Ho(0, q) ^Wt5o 
[0 044] ho (6>, p)RC)fHo(0, q)*SWB( 
o/c^ttS^tagi51 6 ett; CCDhO(0, p) MHO 
(0, q) ^tlf-^iLT, ^JHf^ffittffil 6 
20 ffcttHWS. 

[0045] ^N^^jft«fflifflj i6b», x v v>&mm 1 

(x, y) frC*tj£*TShO ((9. p) I e (x, 

y) cc*tj£-T5hi (e, ^Mt^o 
cco^^^jftjaaaj i 6 b — mt^y^tmmM i 

[0 04 6 ] y-V x^g|#Mffl5 16cll ^yW&?k 
30 gggl 6 b#ffr&L/t0- p¥Bf-^*7-'JxSE» 

Lre-p^ffix-^^^r^MsaJr&D, aftw 
1(0, p) {csttt-r-sHi (e, p) *ma-rs B 

[0 04 7]Jtf«ffi»Mft«HSP16dtt, 7-'jxS 
CC« % HO<0. P) (C^-TSHO (0, q)fc<fctfH 

1(0, p) iC^tJET^Hl (0, q ) *ffJSS-r-6. 

[0 04 8] &mmW&^ 16e(i, 0 - q spffif^gB 
40 16a^6A*$n^f-^hi(0, p) MHl 

( 0 , q ) flBftas 1 6 f Ctt&^£ft/c#M 

f-^hO(0, p)S^'HO(0, q)%ffllir, 
««F (x, y) 6C**ti4H* 
>yu-hlS«R (x, y) OC^StiSBJB (S?Si«c 
*»tt/^ir-» CC»^40eft. ¥ff»«Mifc<fcC«£ 

[0 049] ft^W^C« k CCD^ibS@tfig|5 16e«, 
^^S^^tfo/c0 - pfI%3€)(C7- ■Jx^&Lfc 
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[0 0 5 0 ] C<D£9tC0-pJFffi£$6tC?-l/j:£ 
ZtcibxabZo 

[0 0 5 1 ] i/c, CCD^ttSgtfflaJ 1 6e^, #Mf 
-*-r&to"&hO <0, p)&£/HO(0, q)£0-q 

^mae/ssis i 6 afrh&iim^tcm&ic\z, fr&z&m 

7- frfc^BS^- *ffit«8B 1 6 f tcBatttt* 6&M£?t 
ffiff l£» 1 6 a^ttMffHigB 1 6 e CCftbT#M^- 

[0 0 5 2 ] #JCB7 s ~-$IBltan 6 f t=*>^U- h 
ffl£R (x, y ) Cc#j£^£i9 - p¥M:r~£ ho 
(0, p) RC/fl-QsPH^-fHO (0, q)*#JH 

[0053] ie^aswuMB i6g». mmmnmi 

LfcpfflEffiRifiWCp (<9, p) CCOt»riE^7K» 

[0054 ] &mw&mm 1 7 iB«iH^«5 1 6*>6 
[0055] c<d<£ 5 ec, coffi«M^g 1 0 xtt. 

MWBHSBl 4*mc»Tf >^U-hm*R (x. y) 
*>6Rf-^*ft«U -eof^A^®^I (x. y) 

«Cco^r ^ 7 - 7 - x^^c J: 5 B«UKte*?7 5 c 
[0 0 5 6 ] fei±, H 1 tc^ililftfls^a 1 0 (DffifR 
[0057] awe, h 1 1 0 ©abb 

[0 0 59] [SJ^t^lTJ:^ C<7)®ii^ggl 0 
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1) k ^^y'\s~vm&<D^v^m&frhRy~~'J)]s%: 

Wfetttfj-r* (^7-^*3 02) a 

[0 06 0 ] «MKH4lO%tt i * 0 CcWUMtb 

a? - 7 - x*at*«c^fcs** - misft • mmm 
10 as v«^tt«rtmcr 8(^7^305). 

[0 06 1 ] ^IT, C<0tHf*«*TUfcft6«, 

^306-30 7) . SB»i*SNJ:0«>/hSl>»*-r& 
to %«0«»««WIJ«Er Xf->7'304 

[0 06 2 ] CtitcStLT, i &N£l±£fj:~>tcm 

20 f^30 8). 

[0 06 3] _hK— a©&a*tf ^CitcJrO, 5r>?* 

[0 064] ^CC, ^30X7-77*3 0 2 *C7jVrt£IB« 

[ 0 0 6 5 ] 13 4 fc*. ^3 fC^-T 

30 [0066] raH«:*-r J: coftBfffittWStf 1 
2 -Mb^7S8yB««S 1 4 5, ^BB*R e 
(x, y) frhRr~7)V*ft}&Ltct£htt. X-ftm®. 
Ox y i/ffi& I e ( x . y ) ±<Ox ^ ^*JB*ro# b 
0 1) . C<OX^^7&JRf*-^;i/rt©^ 
(r. a) i»j£T*i(K3eb^:»^CC, oJ(fttt©** 
J£A^s. iWEft^S^WpKft* (u, v) co^rcD 

«^***«>. «8C)/ca^1**^^^-jrffilHP (u, 

[0 06 7] JM*tfKU2 k ^-Tffi^ s * s min i L 
40 . MfcftS *<Pn -0 e t L (X^r 

-^40 3) , (Xf*^7*4 
0 4) , Xy^^T|qj(D^Btm«r' 0' <hT£ {A?*? 
40 5) . 

[0 06 8] ^LT, CO»^(DWf»IWI(u. v) 

u = X+rX S x C os (a+ 0) 
v = Y+ r x s x s i n (a+ 0) 

(s. 0, u, v)OMffi^^>^'^>F^ U 
50 f-^40 6) o 



n 

[0069]^U, S»m^3E»M*j«-C*^HW, 

07) , &$km&mmM&L±lCtj:Z>± % x*i?#fij<l># 
Mt^f ^7*40 5&t^frT6 Uf77"40 8) . 

6 tcirf 4>i7 V JZs b 7* y ~?A 0 4 OC^ff L 

<t, St** s # s max ja±£tt**^»*it*:* s *A 
stcm># h l/T*7**:/4 0 3 icmttZ 

(Xf^v 7 A 1 0) o 

[007 1 ]*lt, tg^s^smax fiLLKO:**, 
& (*7^ 7'4 1 1 ) . 

[0 0 7 2 ] frft*>®m*ft ^CitCcfcO, /^y-# 

^ra p ±©*ffia(©!a:iifi<zaitns»3W» 6 n 4 fc» , 
tiMmzmmz (^7-^4 1 2) . 

« % J^^s£smin£>6smax£rA sMfrV^&Zi* 
^ii^iC, lllf£fti9£<£n-e e#>6<i>n + 0 e£r 

v) zw&LT^5s~2&mp±ictm?zmm*m 

So 

[0 0 74] iC5^ C0AsWA0tD«^S 30 

[00 7 5] Wittt, A#ili«<01^ X* 5 12x51 
211<!:t, sO^KO. 5rt>62. 0^t0. 1 
Mb* e^iKia, (u. v><WMS!B*<2. 

2) BSRi-rst, ^5-rf-*ffinBP«:sjWfty*y* 

IW, fi3 0 0^^h (256X256X360X 
15) Wii^Sc 40 
[00 7 6] C©fctf> fc «at<O0«-r«. s <D#»«B 

<u, v) ©#«ue* u. 4)®^i-r^cicc 

«fc*K ^y-*ffilBP«c^&y*y*«*lH^# 

[0 0 7 7] ;toO>£^y-*^P<Dffi#JR1}i 

fc A 0 ft *£S * t> fc £ f c £ cc ft 4 . 
[00 7 8]WW1 135 (a) tC^tlMf 50 
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[0 07 9] CftCC2+l/T. C©f>7*b- 1 
0KeH6OfcH5 (b) ^TA^ili^ffi^r^-^^ 
-*£mP±cc^*tr5»£K:, te<tiLA*li«©x 

ti, ^7^-dra[fflP3W*»JB«B OWBtei ) 

[0080] ccDtctb, s^>t-z&mp±<D&m{iLm 
^eox^y^cDsiM^atb^aa©^^ 

[0 08 1 ] iC%*J. B5 (c) fC^i^CC. 

[0 08 2 ] CtD<fc5*C> '^y-*fflHP±*fi#« 

[0 0 8 3 ] «±, H 1 CC*r IMUK^Rit 1 0 <D£ {* 

[0084]^ hi fcmTWtim&m i 6 omm^ 

R«:»1H^-*IB«»1 6 f tc«s»*r*sfe^t-r 

[0 08 5 ] H7tt. ■1^'TIIMMRMISl 6(D«kII 

[0 08 6 ] HH«c^J:5CC, CCDiEmM^Pl 6 
tt. «M«*F (x. y) *JA^3ti44, 
fBSSBl 6 a^xv ^tfefflSPl (x, y) 

^6i>r^«F e (x, y) tfWTS (^^» 
7 , 70 1) o 

[0 08 7 ]fir 4 ©-qTMffiBE«l 6 ati,^>^ 
ffiMBlSl 6 btfll>TFe (x. y) 

^702), ^^Ux^jftSU 6 c»thl 
(0, p) *3 6K:7-yx£8Sl,0 -p^H-r-^H 
1(0, p)^«T-5 (Xf^7 0 3) o 
[0 08 8 ] 0-aTWfS««l 6att, »» 
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04) . 

[0 0 8 9 ] ^it, iHttiMH*i e e «, ^wra* 
7 s - znmM i 6 f ^ss&aj-r (^f»>7705) 0 

Ux*t»ffi«S!ftjii«Hl (0. q) ±, Xf-7 7'7 0 

*MSffi«^ftli«HO (0, q) <t*ffilvt\ C*l6<D 
2^C7CtBW«»Cr (0. q) Srittrr* (^^ *^7 
06) o 

[OOQUflt. CO2^WMCr(0, 
q) ^*<t&&<9, q(Dffi»<fc*)leH£ft0* S£A-« 
/J\$s£#«>S Uf^70 7) o 
[0 09 2 ] :>Ot, C(D^»SffHi35 1 6 e«, Ctlh 

-p¥if-^ho(0, p) tkfte- p^m?-* 

(0, p) *f¥«W5 Uf^708). 
[0 0 9 3 ] fit, ^ttfifittUasi 6eB, iB^SE* 



(8) ^20 00 -3 0 06 2 

14 

KftAUlSBl 6g*ffl^tpffiIffiBBtCp (<9, p) 
^^^^OTj^^^^tfeSj^ I n v (x, y) *fE 
fiRU *<OJ^ffl©ffia*^rWf»«r«: (xA.y 
A) SrUffllTS (^f77'7 0 9) tt In v (x, y) 

co o 9 4] ±ia— m<D%mzni>c o-<\ 
w-m lyummw?* * fed: tfj&*c • s t 

<tfete, fflm&M&teJ:Vi&A • «/h*s cesser 0 

-pflU^rWfgHH (xA.yA) 
<b#lJJ*B±te4. fr4o\ ±8Hftm**CC*sC»T«, Re 
(x, y) % h0(<9, p) % Ho<0, p), HO 

(a, q ) (Dftj&^mic^xmmz&mistcXK c 

[0 09 5] ^ctc. |70Xf *7'7 0 1 (cstx*/; 
[0 096]§8lt 12©Xf ^7*70 

[0 09 7 ] H8fc^rj:5*c, x * ^fflgfl 1 3 r 

F (x, y ) ^MLX^X^C9fk-rij^ x ^y'^^ T>y 
■*;l/*-*j8JBL 5 y'v *sT >M&F g (x, y) * 
Ym&*> (Xf^8 0 1). 
[0 09 8 ] 



20 



V*G(x,y) = -1(1 



(i) 



fit, Fg <x, y) (DaSH^m*, fCD 30 

4ia^(DHS(D ; 5 %'J>tX < 1 & 1 o(DH0R<DiB*ffl^jE 

imsrirzm&tc\** f (x, y)mrv-^ 

(Sobel ) 08(^U-^^afflirx7^gEm 
£#mT£ (Xf-^8 0 3) „ 
[0 0 9 9] fir, C©x^^gftBEEm3&ifr3E©L/# 

fflHHRF e (x ( y) KttttU l/*l»tf*«©»^fC 

[0100] CO<fc5fc, ±iE^n*nXj5tt, a<DfiI 40 

LTV ^l/al-^U-^^a^^'CitC^O, />fX 

[0101] fit, aaH**«ffSHi-«c)&ii&^-2> 
>7'8 0 2-8 0 5CD^S^i»0iMO Uf*;7*8 
06), ^r<DBBR^»-r-5*affi*»7 0fctt6«, c 

[0102] C(D<fc5te* CQx^&tHgpi 3te, 1$ 50 



^5-15135 2m&mcm^2fttcx. vtsmott 

&tm&<D^&&mi,^xvV>Jilimi&F e (x, y) 

[0 10 3] JJBV-^KZ>fll»*^U-dftt, 
09 SC^Tct^c, x^CDvx^-;u~--£9 Oiy 

*-<U~ £9 l^©HiMMy i-T-Si, x?; 
E m x 9 E 6 tt^cSCCC J: 0 s n . 
[0 104] 



Eg = tan" 



(2) 



^oii-c(i!!aufc*«. P^'-^ (Robert) ^Dt*>y 
> (Robinson) ^<D^«St»^^< b-^^*ffi-r 5 C <!: 

[0105] $tfC s i7(D7f ^7*7 0 2(C^T0-p 



(9) 



2000-30062 
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16 



[0 1 0 6 ] B 1 01*. B7©^f7^7 0 2<D6 - p 

[o i o 7 ] hi o^-r^tt, ^vzasummi e 

btt, Xs>5^filBH*Fe (x, y) aWA*S*i*£ 
Uf 1 ; 7*1 0 0 1 ) . C0F e .(x, y ) aWx y^jg 



0=E6 -AO 

fcRSE'T* (^f-v^l 0 0 3) . ttfc, C<DA0fcJ: % 
[0108] 



(E $ -A6<$<E e +A0) 



(3) 



p) CCH- 1 flnH (fiX) T£ (^f-^^l 0 04) . 

Wf^lOOS) , HE«KfflRe#Ee-A0*»6> 
E0+A0(DiBrtr^l.Rll Jif2^T* >^"l 0 0 4 
Rtfl 0 0 ScD^H^^OiM-T (X^t^I 006) a 
[0 1 10] 3tafe5«H*x*y#fiiHHifcF e 

(x, y ) <D±il*CCOl»r»IOiSL (XTv^l 0 0 
7 ) % ^BB3R<DS!iS*»^./c«pj^*C CCD 9 - p 

[0111] -Ttttofe. F e (x. y ) #x*£*jSr* 
«c*ti6TShi (0, p) tc+ lttWLri^< CiCcJ: 



0, hi (6>, 



p) *ffii*orc>*. 



= h 0 - or, 



* [0 1 1 2] fcfc. CCT1i«ii«F (x, y)CC*t 
J£-T4hi(0. p) ^MT^^tco^T^L/c 
bm&R (x, y ) : fCfcttfrr ^hO 

(0. p) (c^(r»r«>iattR:ffjiE a r&c&Asr««. 

[0113] ^CCC, 0 7©;*^ :/7 0 3 (tCTjk^y — l J 
[0 114] ccr\ fiitSM^F (x, y) » v 

u-hBfliR (x, y) ec»Lr, tA'iWst'U 

( x A , y A ) 3l»*W#»34TCt»5. 
[0115]CH/c(x,y) £lffl±T<2J£* • SS 

[0116] 



0 



(4) 



(5) 
(6) 



30 [0118] -rtob^. 



[01 17]fCC, («,p)ffilB3^6, C^L/c^ 
!f»«KZ>IB«*|»*-r*fc»K:. «Mffi4EF (x, y) 

(c»js-i-4hi (e, p) ^^^u- hMRR 

(x, y ) CC*KSTSho <0, p) *ah-e*iK:rH> 

^p#p^0©««<D;<7-x-n^ MUfflSMtJItO 
T7~yxSBtB»Hi<e ,p), Ho(e, p)t*i 

rOO 



40 



1 ltt. Wfl-pflf 

1 6 b tiWttftlsfcXt) 6-p ¥>Wr- * h i 
(0, p) £A;frT<5 Uf'^llOl), o^T\ 
»IBBRa**ofctlIJinBELft:« (x^^l 1 0 
2) . FFT"rft*>%wa7-yxsaftK:j:»jhi 
(0, p) ccfci*rp|fcfrfli<oiac7c7--yx*8fc*ff 

r^-yx«jHB«Hi(© ,p) £Tie (8) soci 

[0119] 



= !£ 



(7) 



(8) 



(Xf ^7'1 103) 



(10) 
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S* 5 *Bt88U 10 5) , <9max*?grc£>£ 

tt^ccttx^sF^i io3so*i i o 4<Dmmzm*)m 

[0121]ftfe CCT««»«JSF (x, y)CC*f 
^>^U-HH«R (x, y) te*tJfi-r&HO > 



18 



* (0. p) tco^rt_be (7) a©t:<fc<Hfl«cf&fi 

CO 1 2 2] ±E (4) , (7), (8)^d:DH0 
(0, p)4HK0, p) iOHffttTIB (9) SCO 

[0 12 3] 



Hi(0,p)=sH o {O-<p,sp) 



O) 



20 



*JBtt:oi»T*»W«c»fll!-r». 

[0124] cct\ *f»ffi«sei(w&ffl*r&a*», 

[0 12 5] Ht*-»Ws*fe^r«»« 
«F (x. y) #Hr>7'U- MB&R (x. y) CC*tL 

Hi(e. p) tt#JH7-Ux*8tBH*Ho (0. p) «: 

fS«««F (x. y) 3&if->^U- HIMRR 
(x, y ) (C*fUrJEAOn^i^«, pffctffilteli 
tfW«£fc*) o 

C0126] £(D£3:. tfcA; - SS/J\2g s %&&>tc<DV 
te. *><D ±tj: *) > &S«:BJIB*S'r-5 

[0127] *cr> H«ftpN« k «%«o»ftai« 

A*e-q¥ffi«\ q fcbfrlPKOfc*: • jffi/J^sfcjSGfc 
[0 12 8] C©i:5CCqtt^riSjfc^f»»L/rii-5H 

»ffi«^*ffiaaai edit 3s-re*^a(c»j»§»5£r 

T£ (^f ^7'1 2 0 2). 
[0 13 0]oi>t 4 q«C*tl£r5p«rTffi (2 5) 

p = c • exp ( q ) (25) 

(zr?7'l 2 0 3) o 
«. TSB (2 6) a<c*TJ:5Cc, ? - xg^iij&H;* 



(0. q ) &C£SW« (^f-^l 2 04) . 
[0 1 3 2 ] Hi (0 ,q) =Hl (0 ,p) (2 6) 

-r^/c^&c. q*t&rsitc/Nx>ys*»ws«!ffl*tf 

[0133]o$0, TsB (27) ^CC^T <fc 5 CC, X 
r-^^'l 2 0 4rW#5hfcHl (0 ,q) CC^~>#& 
IW«W (q) *rfc4Hl(fl,q) <h 

[0 13 4] 

W (q) -0. 5 (1 +cos (Ttq/qmax) ) 
Hl(0,q> =W (q) • Hl((9 p q) (27) 
fc/cl, qmaxtiqOi^Ir*^ (Xfy7'l 2 0 
5). 

[0 13 5]*t, q^-f>^'^>a (^f^7" 
1 2 06), q^Afflq ma>cfc$rc£>*lt£ (Xf 7^ 
1 2 07<DffiKYES) , M$r Lfcq *c*f UTBJttfcJffl 

K^f^i 20 3^f7^i 206) ^asoii*r 

-WT q#«*ffiqmaxltaf £4 (Xr«>7'12 
0 7(7)*iJifNO). ^0X7*^1 2 0 8iC^f^tl 

[oi3 6]4S«, a^w>^»;^>h?n, 

Afit0max*«r**nW (Xf^l 2 0 8CDflfrYE 
S) , M#rt/c0tC^UTq^SS-fe'C25CL/c±r*[gil 
ftfflffi (^^^1 2 02^^^1 207) £S9 

[0 137]tt^ CCtt«IiF (x, y)K*f 
j£lt£Hl(0, q) Zfttfirzm&lC-O^X&WLtc 

*k T-yyu-bmi&R (x, y) «*j£T5ho 

[0 1 3 8 ] C5L/cBtf#3*ifcHl (0, q) 4 HO 

(0. q) <oh««. tis (1 0) aoi^cc^sn 

[0139] 



30 



40 



(10) 



50 



19 



q = logp 
A = logs 



(ID 
(12) 



[0 1 40 ] C©<fc5K«»««F <x. y) tC*Hfe-T 
£Hl(0, q ) ^>^U- MB«R (x. y) fcl 

dC&tctfU? b Ltc&<D£ LtitC i^r^5 0 

Hif^Ci^t^till ffi* * 8I>J^ s £_L§S ( 1 2 ) 10 

1 6 elJ, ^-T, #^-£12^351 6 f tC^fattL 

05), c<0K*wsn^7--»;x»»ffi*^ftii«H 

0(0, q) iXf 777 0 4'Cf^$tl/c>'-'JX>ft 20 

»]£«^»iS«Hl (0. q) ££J3l>T, cn6<D2 



(H) 4#8B 2 0 0 0 - 3 0 0 6 2 

20 

* 6 C(0 2yenffiB8»»Cr (0. q > 

(Xf^7 0 7) . 
[01431H13B, C^L.fc2^7cffiB8»»Cr 

( a . q ) ©s»^a*5 j: ^nnfeft 0 , ffi^c • jsw\* s 

SVi\fc5«c. *rHi<0. q) *2^7n7-«;x^ft 
LtFl(u.v) %Mib*> Uf^l301) o oi^ 
"C, C(DFl(u,v) OCCJEtt 
ftOTFl<*> (u ,v) (^f^l 302), 

f-VT'U- hffiHRR (x, y) lCtt&?ZH0 (0, 
q) «CO^r*>Ria<0«ffl|3WttfSti, C<DfS»f¥fiR3 

ti/cFo</> (u,v) #Ett»cc*fcKttSftri»s. -e 

cr, C(DFo<£ (u , v) 35H8*HJ3nS (*7=">:7"1 
30 3) o 

[0 14 4] a<D«ffltConrMCC»L<»9l! 
-T&i, &"f> HO(0. q), Hl(0, a) Ztl^tl 
3^2;>0c7-»;xaifcS#irTE (13), (14)S 
tC^-Tcfc^tCFO (u ,v) , Fl (u ,v) tt&lbbtl. 

[0145] 



° (U - V) = I.,/, ^.tt!)-.-"-^ (13 ) 



CCt, JbtE < 1 0) SiCtl6 (1 3) , (14)S 30* (1 5) £f#£ 0 
i^fOt, F0(u,v) iFl(u.v) * [0 146] 

F x (u,v) = 5-e^<^ Av )^F 0 (u,t;) (15) 

*CT\ F0 (u ,v) TIB *E ( 1 5) SJ:«3TE (17) *C©<fc SlCflSftS. 

( 1 6 ) 3M><fc 5^3*1* Fl(u.v) JCOHtttl* [0 147] 



(17) 



COJSS, F 0 ( u , v ) , Fl(u,v) (OmmmZ* * [0U8] 

n-enTK<i8), ( 1 9) so j: sterns., * 



*CT\ C5L>fcHXf#£n/eFo4> (u ,v) , Fl* 



50 (u,v) SrfflOTFltf (u,v) F0<*> (u,v) 



(12) #^2000-30062 
21 22 
*<Dig£-Fie (2 0) y (2 1), ( 2 2 > 5£lc*Vr<fc * ©fflMffl ( 2^7ctiM<»») C r (0 . q)*5R«b* 0 
^{Ci»7-yx^fjSOTH0 (0, q) iHl(0, q) * [0149] 

Cr{0.q) = f n F?{u,v)F*(u,vy - 

^^Awfa (20) 

= $(0~<P,q-(-X)) (22) 

3KRMMH0 -p¥If-^ho ((9, p)^lt, 
0 1), 

[0155] ot>-e k ftS^&fl *-fef PtcWJBBBEL 
Uf-^1 402) t re>LSApCC-pmax X 2 £ 
ftAT£ (^^1 40 3). 
20 [0156]^Lt k BKft*. 4S*-»>h*s«:j;-* 
rffliEU/cho (0, p) ihi(0. p) (DIEMfttBS 
♦HHIfiHRfttWL/rpfflSfflMaMfcC (0, Ap) KB 
tttL Uf-^1404) , Ap^-f/^'J^/Ft^ 
(Xf-^1405) . 

[0 15 7]^£>f&, C©Ap^pmaxX2*It^5 
3^53&>*fiM8U y :/ 1 4 0 6 ) % pmaxX25fcflS 

^1 40 4M1 4 0 5 <D9m*n Oil-To 
[0 15 8] CtlRl>rtL/T. A p#p max X2J*Lh<!:& 
30 -^/c*8^CC». ftm.m&e*Jls?VJ>hLtcm(£ 
(Xf^7'1407) % »ftff^0#0max 
St»^(C«^^^^l 4 0 3tC#frr£ (Xrv7'l 4 
0 8) . 

[0159] "Tftfrft* C©#ttfi#fflai51 6 etlt 
h0(^, p)<hhl(0, p) CDS0KOHT, p$S:fr 

U x>tB£tBHB&Cp (0. p)*ffi*OTC»*. 
[0 16 0] r6 0*3^Apr*4»&©l3C7C©jEa 

[0161] 



fc/cU, F0</> ( u , v ) * t£ v F0(/) ( u f v ) ©J 
'8rc«fc& (Xf-^^8 04) 6 
[0150] c©J:5«:ur*abiSti/ctBBBffiCr 

(0, q ) \X?)\s%mmctj:^X\<*&<D&t>frh (±IB 

(2 2)S#B).flt, C<0^dfH«Cr (0. 
q) tt, 0=<K Q = -AOB««ft«r*^:«*iS. 
*Cr, Cr(6>, q) Tffi*»6«^fiti*E6«fflK 
0 = 0, d = -A**Hll Uf 9^1 305) . CCD 
«Wta«(*, -A) KSr**. @IEft***»4ii 
a* • ffi/J^ s *. _hfE ( 1 2 ) 5£&cX^< ^fe 

a. 

s = k • exp(-A) (28) 
6) 0 

[0 15 1]«±, COH13m Ho(0,q)iC*f 
-TSHl (0 ,q) <ZX 0»^©^7H, q«*|"I<D 

R©v^h7^W2 ^tc«MK: J: ^ r #aZ>*HJfi 
[0152] 1370X^^^7 0 8(C^TpffiI 

tlHBHUCp (^, p) ©ffi**«cc-3i>r*»«jtcsi 

[0 153]ai4lt H7O^f?^7 0 8(DpfflS 

ffiili^Cp (0, p) ©fl^0*?R*7n-**^ 

[0154] BHKSW\fc5K:> WttSJMHffl 6 e 
«, El 1 3 {c^Ttefflfc J: 9 EWE**, ffi* • »/]\* s 
£#«>fc&6« % AS0-p¥Ir-^hl(0/p) 3K40 

JZJM ( g > g + Ap) - *i)(M*> p) - *o)<fr 



(23) 



[37CDXir?:/7 o 9Ct^Tj£^?^&B£U n 
v (x, y) OfftS*««co^riftW<--5. 
[0162]il5«, |70^r^*7 0 901^7 
^&BMfc I n v (x, y) (Dftm^Mifjk?-?*-?* 



50 



[0163] IH0&t^-rj:5CC, #««*tiisi 6 e 
PtBSfflMiB^Cp (0, p> *fft«Lfc«r6« 
Ur^'l 5 0 1), «a^a0«r^PCcS]Jt8H5E(> 
Wc(Xf77 , 1 5 02), p6C-pmax *t85E-TS 
5 0 3 ) 0 



(13) 
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23 



24 



[0 16 4] €L"C, C<OCp (6, p) tmCp 
(0, P) ©EAffir&SCmax £ 0 fcA*^*'^* 
«KG (Xf^^l 5 04), Cmax cfc 0 fc 
iCfct* CCDCp (0, p) £Cmax KlftALTCmax £ 
MifT^ti^^, CCDB$<9p£p k$CftAT& (Xf 
^1 5 0 5), l/c5d^t, COpk&Cte:. Cmax ^ 

[0 165]3C(C, C©^-/>^M>M (Xf ^ 
7*1 50 6) , p^pmax *SSr&-S^S*^fi6^L 

(Xf 7 7*1 50 7) , pmax X 10 

f 77*1 504-1 5 0 6©iffi3*48 9ig-r. 

[0 1 6 6 ] CtUCftLX, p#Spmax JMiiftofcW 
^fC(J, Cp ((9. Pk) **^:7j*Srt-S c 
iK^7^«fflSBl 6 gf[l Cp (0, p)±©jS 

(0, P k) «r, 

- arcosfl + ysin0 



tan$ sin$ 



(24) 



[0167] CC«^7f|»ftO I n v ( x , 20 

y) ¥ffi±<DfltDS 

y = - (l/tanfl) x + p k/s i n 0 

±*CCp <0, pk)(Dil*JD*« Uf^'150 

8) . 

[oi68]fu, Pimmke*j>#ys^hi,tc 

We (Xf^l 5 0 9) , R0#0max *S8r*&3&> 
S^BBl (^f^^l510), 0max **igr£>& 
«£fctt*7^:/l 5 0 3tC^tf*r-So 
[0 16 9] tte^. C<D^»«ftiiSn 6 er», 
Cp (0, p) ^6&0r«Att£££ffiS (0, p 30 

k) *tftjtiu ^©egrffi^^^^for^/N^^ 

f»ilnv(x, y) £{1^LT^£ 0 
[0 17 0] fit, COig^7^B#I n v (x, 

y) OSAfilQ&K (Xmax , Ymax ) iflmW&A 
(x A ,y A) I n v (x, y ) CO^A 

[0171] xtc. m i tcttmmtem 1 6 o 

[ 0 1 7 2 3 H 1 6 tt. HI CC7rTIHfl«R^ap 1 6 Z3t 

[0 17 3] ctr\ HI B (a) 14, St* ( r^j ) 
©f>^b- hiS<g<R (x, y) T*$>9, CCDf">7'U 
-hWfeR (x, y) fch^vVJyfa&mabtc&M* 
v&ttftmtkRe (x. y)«. 1316 ( b ) «fc 

[0174]flt 4 CORe (x, y) ^fltA7 
SBft£»rr£* HI 6 (e) «c*tJ:5tt1|tt©|»t 
^#M^-p¥If-^h0 (0, p) <htt*K £6 
CCCCDhO (0, p) 13 1 6 50 



(g) CCScrj:5tr#JH0 -p^K^-^HO (0, 
p)#f#6ft£ 0 £6&CCCr>H0 (0, p)G>ptt£q 
Wc«»ffia^»-r4i t Hi 6 ( i ) fc^-TJ:}** 
B20 - qfff-^HO ( a . q) 

[0175] H 1 6 ( c ) 6*, ( W j ) © 

«ffl««F (x. y) r£>£ 0 

[0 1 7 6] C F (x, y)*^xr^ 
MffiO/cA^x^ ^#r«JiIf&F e (x, y) it II 
6(d) ^VT^Ctfr*,. 

[0177] fit, C©Fe (x, y) (<CttLT^7 
HI 6 ( f ) tc^TJ:5&A#0 -p? 
Sr-£hi(0, p) ££>fc:££>hi (0, 

p) HI 6 (h) CC^TiSfc 

A^0-p¥if-^Hi(0, p)#S6*i£. $6 
<£C<7)Hi(0, p) ©p|**q 

11 6 ( j ) tc^TJ:5&A#0-Q¥ffi? : -*H 
1(0. q) #?#6tt£. 

[0178] CCT\ C<Dhl(0, p)*p'ho(0, 
p) fo!tLX&<D>?izt)J)mhti2>m&^ 

[o 179] ztc. mmmr (x, y) ^>^u- 

HS«R (x. y) CCj*L/rS£ALn^/c«>(C, A^? 

7-';xSIMBffcHi (0. p> tt^JH^-UxSESHB 
«Ho(0, p) icttLx: p mi? fate fflA,-ci>z><D&t> 

[0180]**:, C 5 L/cp#^fnifC®«^s^T*^ 
«Hffi». Sffi(Ifl^ti/cHl(l9, q ) , HO 
(0. q) q*4*I^JCtl«13&^Ftf^»OrC^ 

(0, q) tT^Ki*:? b 2i*tcb<Dl)m&Hl (0, 

q) rAaci^a. 

[0181] Sr. HI 6 (k) fflilCr (0, 

r<<>£C (*W«K*<b4ffi«fflafcW % 6 = 

0, q = -Ar&£) . 

[0182] HI 6 ( 1 ) tt, hi (0. p) i 

ho (0, p) o^ecc-o^r, ptt^ccr^ost** 

6^0/cptlSfflTO^Cp (0. p) £^rTH*C£> 
0, HI 6 (m) [X, Cp (0, p) a>&«0r*Affi 
*Sfo(4H (0. Pk) ^^aiL, *(Z>teBra!^:7£ 
»*?7ofcfl!^7^»jiift I n v (x, y)t*5, S 
/c v , Inv (x, y) <D*Affl%M^a<b-rS. 
[0183] fe{±, H 1 CC^TiBMa^fiB 1 6W^fc 

olW96nWo/c«^Jc« 1 Hl<3DteSrS£A^, 0 
[0 18 4]±lltt/£iJ;^C, *mfcOJg«rtt, 
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* h;i/*/>*7y-^SMP±«:jlia*S:Sfo. a*fl[*iBf 

[0185] cct, ^Jtoweifrctt. 
n«rfi»«tt(c Lra»©«w««*«ittir sec i * 

(a) Cc«r»**«±»*A*lii»iO, HI 7 

(b) tc^«EPB«*7 L >^ , u-hBi«<!:'r^J»^ec 
7(c) (c^ri^&^^^y-^SHIi'COffiK^fto 

ft& e co^(D (x. y) (o^^^y-^sno^jmBtt 

0.25"C&£ o 
[0186] 

[0188] 2 ) A*m* J &*JHW»i*«rfC*fl£3-& 
[0 18 9] 3) ^'^^a^MMt^O 

[o 1 9 0 ] *fc, ttjm3tc%t>&mii*. ttmm 

^riKflaiMtmjmitSiifeK:, MtfflUfc so 
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[HnonVQrlWS] 

[Hi] ^mmommvm^^>mmm^m<DmfS t ^ 
[03] hi tcm?mm%&mm<Dmm^m&^?7 n 

[ H 4 ] H 3 CCtS-T «**««©»s«ia* j® ^^-r 7 p 
[H7] hi &c ^hj^m^t? ^ft3 n & &m^m* ^ 

[ H 8 ] H 1 ic^-? x 7 ^MfflSP^f 9 x ? ^r*JHi« 
[H9] V-^)\s<D$kft*'<\s-$i%:jik'$mx&h 0 

[no] hi tctt^y^mmmf *> o - p^-m 

[Hi l] Hi ic^Ty- y x^JfttefflSfaMf^ 0 - p 
w-mf- z ©fpjaE^«*sr ^ u - * * - h -ca £ 0 

[HI 2] HI tc^TS«^S^^fflfflWf^ Steffi 
[Hi 3] Hi cc^r»tt«»uaJ^tf 9@(6ft*fJ:tf 
[H14JH1 tC^T»«r«»ffi3|53&stf PtiStBM® 

So 

[H 1 5 ] H 1 tC^r®/N^^lft«!®SPWf^i»^7^ 
SI« I n v (x, y ) OffiflS^jlH*^7n-^ir- 

[HI 6] HI CC^T®^M^^^©^^icMM L 

/ci^^cc r ^ x ^ u ±cc«^ s ft & *ra WB«**-r 

[HI 7] A*«». 7^>^U- hMfcRtf^y-* 

2 ft & *iHBB««rft rwc * * . 
[^©ittqg] 

i o -bmk^^b. 1 1 - b«aa». i 2-« 
tmRW^ss. 1 3 -x? 1 4 • — «Mt" 

7^8Wffi»W> 1 16-B* 

^SSP, 1 6 c-7-'Jx^»ia 16d-*f 
ft£B£&ft!a«k 1 6 e ■••#ttS#fcBS|i, 1 6 f •» 

#jh i 6 g-m^ygammm. 1 7 
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